Epinephrine overdosage in intact rabbits caused significant modifications in plasma lipid distribution and transport, and phospholipid metabolism of plasma, liver and aorta. Aortic phospholipid synthesis was accelerated shortly after epinephrine injection and persisted for 24 hours, but plasma and liver turnover rates were maximally elevated after 4S hours. Changes in plasma neutral fat concentration were paralleled by alterations in the levels of Si 12-400 lipoproteins and a relationship between Si 0-12 and plasma cholesterol levels is suggested by the data.
Epinephrine overdosage in intact rabbits caused significant modifications in plasma lipid distribution and transport, and phospholipid metabolism of plasma, liver and aorta. Aortic phospholipid synthesis was accelerated shortly after epinephrine injection and persisted for 24 hours, but plasma and liver turnover rates were maximally elevated after 4S hours. Changes in plasma neutral fat concentration were paralleled by alterations in the levels of Si 12-400 lipoproteins and a relationship between Si 0-12 and plasma cholesterol levels is suggested by the data.
I
T IS generally recognized that the role of endocrines in the regulation of lipid transport and metabolism, and their possible relationship to the pathogenesis of arteriosclerosis has yet to be elucidated. To date only one naturally occurring hormone, epinephrine, has been shown to induce morphologic changes in aorta of rabbits and also affect plasma lipid relationships. Recently, Dury and DiLuzio 1 reported increased incorporation of radioactive phosphorus in aortic phospholipid of rabbits given epinephrine intravenously daily for 2 weeks. In another investigation Dury 2 reported significantly increased turnover rates of phospholipid of plasma, liver and aorta of rabbits shortly after subcutaneous administration of epinephrine.
The present report concerns alterations in plasma lipid transport and distribution and phospholipid metabolism of plasma, liver and aorta of intact rabbits following administration of epinephrine over a period of 5 days.
MATERIAL AND METHODS
New Zealand white female rabbits of pedigreed stock were used. A rabbit pellet diet and tap water were available ad libitum prior to and during the tests except the final day of the experiment. Groups of rabbits were given a, single, subcutaneous injection of epinephrine in oil (adrenalin, 1-500) of 0.75 mg./Kg. body weight and killed 12, 24, 4S, 72 and 120 hours later. Controls received a single injection of peanut oil (0.5 ml./Kg. body weight) and were killed 6 hours later. Some rabbits of each group were given approximately 0.5 me. of radioactive phosFrom the Dorn Laboratory for Medical Research, Bradford Hospital, Bradford, Pennsylvania.
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phate by vein 6 hours before they were killed. At the end of the specified period after administered epinephrine, a large sample of heart blood was obtained for determinations of plasma glucose, 3 chemical and radioactive plasma acid-soluble phosphate 4 ' 5 and plasma lipid fractions. The animals were killed with an intravenously administered overdose of Evipal (n-methyl-cyclo-hexenyl-methyl barbituric aoid) and the whole liver and aorta were removed. Sections of liver were taken for determination of liver glyeogen and chemical and radioactivity determinations 1 ' 6 of inorganic and organic acid-soluble liver phosphates. The lipids of liver, aorta and plasma were extracted with hot alcohol-ethyl ether by standard procedures used in this laboratory and the combined extractions evaporated under reduced pressure. The residue was redissolved in petroleum ether and suitable aliquots taken for chemical and radioactive determinations as follows: Total lipid was calculated from weight of residue after evaporation of petroleum ether and drying to constant weight; lipid phosphorus was determined' 5 and phospholipid was calculated from lipid-P values X 26; total and free cholesterol were determined by the method of Schoenheimer and Sperry. Neutral fat was calculated by subtraction of phospholipid, free cholesterol and cholesterol oleate concentrations from the total fat value. For radioactivity determinations of phospholipid and acid-soluble phosphorus suitable aliquots were mounted on Whatman ash-free filter paper backed by aluminum foil and the samples allowed to evaporate. After covering the samples with Scotch tape, they were counted with a Victoreen no. 1BS5 Geiger tube for a minimum of 4000 counts.
Ultracentrifugal analyses of serum lipoproteins were done on blood samples of some of the rabbits of each group by arrangement with the Institute of Medical Physics.
RESULTS
Mean plasma glucose concentrations of the treated groups were significantly greater than Circulation Research, Volume V, January 1057 the control value (113 mg. per cent) at all periods alter epinephrine except 120 hours, but none of the glucose levels was in the hyperglycemic range. The mean liver glycogen concentrations of treated groups ranged from 35 per cent to 70 per cent of the controls. The results contrast with the marked hyperglycemia and depleted liver glycogen content of rabbits 6 hours after injection of epinephrine. 7 Thus, the present data suggest that under the conditions of these experiments physiologic adjustment of carbohydrate metabolism occurred in treated rabbits about 12 hours following administration of epinephrine.
In table 1 are presented the distribution of plasma lipid and serum lipoprotein concentrations of control and treated groups. Plasma lipid distribution in rabbits 12 hours after epinephrine was the same as in the controls.
In later periods (24, 48 and 72 hours) after administration of epinephrine, concentrations of all plasma lipid fractions were significantly increased with the exception of ester cholesterol in the rabbits of the 2 former time-periods. Maximal alterations in distribution of plasma lipid occurred 48 hours after epinephrine: the mean levels of total lipid, phospholipid, total and free cholesterol, and neutral fat were 264 per cent, 192 per cent, 173 per cent, 240 per cent and 370 per cent of the respective control values. However, 120 hours after epinephrine, concentrations of total lipid, phospholipid and neutral fat were again like that of the controls, but the concentrations of plasma cholesterol fractions still were elevated.
The metabolism of lipids has been shown to be closely associated with a blood transport phase of macromolecules, namely, lipoproteins. Measurements of the levels of "high density" lipoproteins and two classes of "low density" lipoproteins, standard Sf 0- (12) concentrations tended to be lower than the controls but only in rabbits 12 hours after epinephrine were the total lipid, ester cholesterol and neutral fat levels found to be significantly less than that of the controls.
The radioactivity data pertaining to plasma, liver and aorta phospholipid metabolism are summarized in table 2. The specific activity of plasma phospholipid was significantly increased only in rabbits 24 hours after treatment. However, these results are not a valid index, per se, of the rate of synthesis of plasma phospholipid in rabbits 48 and 72 hours after administered epinephrine since the chemical concentration of this lipid was significantly elevated in rabbits of these groups. Actually, the amount of radioactive phospholipid per milliliter of plasma (specific activity times concentration) in rabbits 24, 48 and 72 hours after epinephrine was about twice as great as the controls. Reference to the relative specific activity ratios (table 2, part B) shows that the fraction turnover rates of plasma phospholipid of rabbits 24 and 72 hours after treatment were not statistically different from the controls, but the mean ratio values 12 and 48 hours after epinephrine were statistically less than untreated rabbits. However, since the plasma phospholipid concentrations of rabbits 24, 48 and 72 hours after epinephrine were about 50 per cent greater than controls it may be concluded that the absolute turnover rate of plasma phospholipid (mg./hour) of these treated rabbits was greater than that of the untreated animals.
The specific activities of liver phospholipid (table 2, part A) were significantly increased in rabbits 12, 24 and 48 hours after administration of epinephrine indicating an increased rate of synthesis of the lipid in these treated animals. However, the specific activity of tissue phospholipid is known to be affected by alterations in availability of P-32 due to changed permeability of cells and/or turnover rates of phospholipid precursors as well as the rate of phospholipid synthesis. If increased incorporation of P-32 in liver phospholipid of treated rabbits was due to its increased availability at the site of formation of phospholipid, the ratio of specific activity of liver phospholipid to that of acid-soluble phosphate of liver can be expected to be at least the same in treated and control animals. Further, it may be expected that the specific activity ratio of liver acid-soluble phosphate to that of plasma acid-soluble phosphate would be greater in treated rabbits than that of the controls. Inspection of the relative specific activity data table 2, part B) shows the turnover rates of liver inorganic and organic acid-soluble phosphate were significantly increased in rabbits 12, 48 and 72 hours after receiving epinephrine but not 24 hours after treatment; indicating that the specific activities of liver phospholipid in the former groups were qualified by alterations in availability of P-32. Thus, the results suggest that epinephrine had a stimulatory effect on the phosphorylating processes leading to the formation of acid-soluble phosphates and phospholipids of liver.
With regard to the radioactivity data of aortic phospholipid it may be seen that the specific activities and relative specific activity r s af t e r 12 and 24 hours after treatment were 40 per cent greater than the controls, but at later intervals after epinephrine the P-32 incorporation in aortic phospholipid of rabbits was not different from that of untreated rabbits.
DISCUSSION
The findings of this investigation show a time course of significant alterations in plasma lipid distribution and lipid transport and phospholipid metabolism of selected tissue of intact rabbits after a single subcutaneous injection of epinephrine. Since the mean blood glucose level of each treated group was only little greater than the controls, it appears unlikely that the extensive alterations in lipid metabolism can be attributed solely to an inhibitory action of administered epinephrine on utilization of carbohydrate by peripheral tissue. On the other hand, it is generally believed that one of the prominent actions of epinephrine is to increase the rate of fat catabolism. Moreover, there is evidence 9 of a relationship between the metabolic needs of tissues, such as an increased rate of fat oxidation, and the rates of synthesis of phospholipid and cholesterol.
The elevated concentration of plasma total lipid after epinephrine can be quantitatively accounted for mainly by the increase of neutral fat. The latter lipid was responsible for 84 per cent, 76 per cent and 53 per cent of the total lipid increase in plasma of rabbits the first, second and third days after epinephrine, respectively. Coincident with the elevation of plasma neutral fat the plasma phospholipid and cholesterol fractions (particularly the free cholesterol) also significantly increased, but these alterations were quantitatively less than that of neutral fat. The sequence of changes in concentration of the S f O-(12) and S f (12)-400 classes of lipoproteins paralleled the alterations in plasma lipid distribution of rabbits 24, 48 and 72 after epinephrine. Jones, Gofman and Lindgren 8 showed that the Sf 17 and higher lipoproteins were the major neutral fat bearing molecules while those lower than Sf 17 were, in general, the major cholesterol-bearing molecules. Our data indicate that the rise and fall in concentration of plasma neutral fat and St (12)-400 class of lipoproteins appeared to parallel each other in treated rabbits. While changes in lipid concentration alone do not necessarily imply a role in mobilization of fat, yet the large increases of plasma neutral fat occurring in conjunction with elevated levels of the Sf (12)-400 class of low density lipoproteins suggest a stimulatory action of epinephrine on mobilization of triglyceride from fat depots and their transport in the form of macromolecules of the blood. It is noteworthy that the pattern of changes in the mean levels of the Sf O-(12) lipoproteins can be aligned with the quantitative picture of plasma cholesterol determined in rabbits at the different intervals after receiving epinephrine.
It appears surprising at first that liver neutral fat content was not changed since the plasma lipid findings are suggestive of greatly accelerated mobilization of triglyceride from the depots under the conditions of these experiments. It may be seen, however, that plasma phospholipid and free cholesterol concentrations and the rate of formation of plasma phospholipid were greatly elevated at 24, 48 and 72 hours after administration of epincphrine. Since liver and plasma may be considered as integrated, different compartments of the same dynamic system insofar as certain aspects of lipid metabolism are concerned, the findings suggest that in these rabbits, while depot triglyceride mobilization is still occurring, the liver is synthesizing phospholipid from neutral fat at an increased rate and the exchange of phospholipid between liver and plasma is greatly accelerated. Further, though we have no experimental evidence on this point, it is quite probable that the rate of fat catabolism was increased in the treated rabbits.
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found that normal rat aorta in vitro is capable of synthesizing phospholipid, arterial tissue is still generally believed to be a very slowly metabolizing tissue. In this study the rates of aortic phospholipid formation in rabbits 12 and 24 hours after administered epinephrine were 45 per cent and 33 per cent greater than in controls. We have shown 2 that 6 hours after epinephrine administration to rabbits the rate of aortic phospholipid synthesis was 131 per cent greater than that of untreated, intact rabbits and the specific activity of aortic phospholipid of treated rabbits was considerably greater than the specific activity of plasma phospholipid. It seemed improbable, therefore, that special plasma phospholipid of high specific activity had been selectively incorporated into the aorta of rabbits administered epinephrine during the 6 hours after injection of P-32. Thus, the evidence indicates a significantly increased rate of synthesis of aortic phospholipid in rabbits shortly following administration of epinephrine which continued for at least 24 hours. We have no evidence of the mechanism of action of epinephrine upon aortic phospholipid metabolism nor its physiologic significance. However, in contrast to the stimulatory effect of epinephrine on aortic phospholipid synthesis, growth hormone administration to the intact rabbit had no effect on aortic phospholipid metabolism at the end of 6 hours, 11 and prolonged cortisone administration depressed the rate of turnover of aortic phospholipid.
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The mechanisms of action whereby epinephrine induced the alterations in the steady state resulting in the deviations of lipid distribution, transport and phospholipid metabolism are, as yet, open to speculation. However, these changes undoubtedly were due to the influence of epinephrine on rates of lipid mobilization and/or rates of synthesis either as a direct action of the hormone or the metabolic consequences of some complex interrelationships involving epinephrine-anterior pituitaryadrenocortical functions. Nevertheless, the results of this investigation enhance the question of the relationship of epinephrine to the development of arteriosclerosis.
SUMMARY
Lipid partition and phospholipid metabolism of plasma, liver and aorta of intact rabbits were determined 12, 24, 48, 72 and 120 hours after a single, subcutaneous injection of epinephrine (in oil) of 0.75 mg./Kg. body weight. Also measured in a few animals of each group were the concentrations of "high density" lipoproteins and the S f 0-1.2 and S f 12-400 classes of "low density" lipoproteins.
Epinephrine overdosage induced a sequence of significant changes in lipid transport, distribution and phospholipid metabolism. 1. Plasma total lipid, phospholipid and neutral fat concentrations were maximally increased 48 hours after treatment and then returned to control levels on the fifth day. On a quantitative basis, the plasma total lipid changes were accounted for largely by increased neutral fat and to a lesser extent by phospholipid. On the other hand, the plasma cholesterol concentration was increased 24 hours after epinephrine and remained greater than normal for the duration of the period under observation. 2. The lipid partition of liver and aorta were essentially unaltered at all periods after administered epinephrine. 3. However, the radioactivity data showed that the rate of formation of phospholipid of liver and aorta, as well as the rate of turnover of plasma phospholipid, were significantly increased in rabbits administered epinephrine. 4. The pattern of changes of S f 12-400 lipoprotein levels paralleled the pattern of alterations determined for plasma neutral fat, while the Sf 0-12 class of lipoprotein levels were aligned more closely with the alterations determined in concentrations of plasma cholesterol.
SUMMAKIO IX IXTKKLIXGUA Le partition de lipidos e le metabolismo de phospholipidos in le plasma, le hepate, e le aorta de conilios intacte esseva determinate
